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Abstract
The aim of this research is to scrutiny the accessibility and decay of web citations
(URLs) used in refereed articles published by 27 Computer Science open access
journals as indexed by Scopus. To do this, at first, we downloaded 1000 articles
of Computer Science open access journals from 2009 to 2018. After acquiring
articles, their web citations are extracted and analyzed from the accessibility and
decay point of view. Moreover, for initially missed web citations complementary
pathways such as using Google search engine are employed. Then, data collected
are analyzed using descriptive statistical methods. Research findings indicated
that 80.7% of articles have Web citations and rate of articles containing URL has
increased from 72% in 2009 to 94% in 2018. The study revealed that at first check
78% of URLs are accessible, while 22% per cent have disappeared. It is notable
that the rate of accessibility increased to 92% and the rate of decay decreased to
8% after using complementary pathways. The .edu/.ac domain, with an
availability of 89% (a decay of 11%) has the greatest stability and persistence
among all domains, while the most stable file format is PDF, with an availability
of 85% (a decay of 15%).
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Introduction
According to Germain (2000( and Maharana, Nayak and Sahu (2006) Internet is
one of the most important inventions in the history of mankind and Millions of
users access the Internet every day for various beneﬁcial purposes from hobby
and communications to research and learning. Since the emergence of the
Internet, there has been a continuous increase in the volume of scholarly
resources in electronic form. These resources have provided a scope for
researchers in various subject fields and stimulated their research productivity.
Therefore, citation behavior of researchers has been influenced and they have
been interested in Web citations (Isfandyari-Moghaddam, saberi and Mohammad
Esmaeel, 2010). The main reason for the increase in the number of Web citations
in papers is that the Internet has become the first choice for finding research
information, scientific discoveries and keeping up with colleagues at other
institutions (Zhao and Logan, 2002). Nevertheless, in this optimistic atmosphere
the instability and shakiness of the Internet is a problem for researchers. They are
worried about the decay and annihilation of the citations, which are gradually
reducing accessibility to Internet citations (Germain, 2000; Dimitrova and
Bugeja, 2007; Goh and Ng, 2007; Wagner et al., 2009). Therefore, this study
attempts to delineate the accessibility and decay of web citations in the
Computer Science journals.

Literature review
Harter and Kim (1996) in an article entitled "Electronic journals and scholarly
communication: a citation and reference study" done one of the first studies on
availability and permanency of URLs. The major purpose of their research was
to study the effects of scholarly, peer-reviewed e-journals on formal scholarly and
scientific communication, as measured by cited references. Accordingly, they
extracted and examined 47 unique URLs of 39 scholarly, peer -reviewed ejournals published during 1993 to 1995 (roughly the end of 1995). Finally, they
showed that one third of citations (31%) became inaccessible at the end of 1995
(Harter and Kim 1996).
Zhang (1998) investigated how much electronic sources have been used in
formal scholarly communication, using a case study in the area of LIS during

1994–1996. As measured by e-resources cited, the study found that the impact of
e-sources in scholarly communication in LIS is small as compared to that of print
resources (Zhang, 1998).
Germain (2000) did a research to investigate the reliability of URLs in academic
citation. To do her study, 31 randomly chosen academic journal articles,
containing 64 citations with URLs, were reviewed. It is worth saying that the
academic journals used were from a variety of disciplines. 13 citations were from
information and library science, 10 from the hard sciences, 17 from computer
science, 11 from the humanities, and 13 from the social sciences. The printed
journals were published between 1995 and 1997. Results of this longitudinal
study found an increasing decline in the availability of URL citations.
Statistically, after a three-year period, almost 50 percent of the URL citations
could not be accessed and two-thirds of the journal articles contained corroded
citations (Germain, 2000).
Davis and Cohen (2001) made a citation analysis of undergraduate term papers
in microeconomics and revealed a significant decrease in the frequency of
scholarly resources cited between 1996 and 1999. Web citations checked in 2000
revealed that only 18% of URLs cited in 1996 led to the correct internet document
(Davis and Cohen 2001). It should be reminded that Davis (2002) in an update to
the 1996-1999 citation analysis mentioned above concluded that 65% of the
citations pointed directly to the cited document, up from 55% in 1 999 (Davis
2002).
Casserly and Bird (2003) examined 500 internet citations randomly chosen from
scholarly articles published in library and information science journals. The
average web citation for each paper was 2.5. They found that only 56.4% of those
URLs were permanent, while the rest had disappeared from the original web
address. Moreover, the error massage "not available" was the most frequent
message found by this study. They most frequent cited URLs belong to the
domains “.org” and “.edu” (Casserly and Bird 2003).
Wren et al. (2006) explored URL decay in dermatology journals. To do this, they
considered URLs in articles published between January 1, 1999, and September
30, 2004, in the 3 dermatology journals with the highest scientific impact. The
percentage of articles containing at least 1 URL increased from 2.3% in 1999 to

13.5% in 2004. Of the 1113 URLs, 81.7% were available (decreasing with time
since publication from 89.1% of 2004 URLs to 65.4% of 1999 URLs) (P<.001)
(Wren et al. 2006).
Wagner et al (2009) studied the accessibility and decay of health care
management journals during 2002-2004. They found that only 50.7% of those
URLs were permanent, while the remaining 49.3% had disappeared from the
original web address and results in error massages. The “.edu” domain with
68.4% accessibility, appear as the most stable domain (Wagner et al. 2009).
Saberi et al. (2011) explored the accessibility and decay of web citations URLs)
used in refereed articles published by Journal of Artificial Societies and Social
Simulation (JASSS). For doing their research, they extracted 558 unique URLs
referenced in 241 articles published from 1998 to August 2007. The study
revealed that at first check 75% of web citations are accessible while 25%
disappeared. It is notable that rate of accessibility increased to 94% and rate of
decay decreased to 6% after using complementary pathways. The .edu/.ac domain
with the accessibility of 98% (decay, 2%) has the most stability and persistency
among all domains while the most stable file format is PDF with the accessibility
of 99% (decay, 1%) (Saberi et al., 2011).
Objectives
The study has been conducted with the aim of the accessibility and decay of web
citations (URLs) used in refereed articles published by Computer Science
journals. The main purposes of the study include as follows:
- To determine distribution of articles, citations and Web citations;
- To determine distribution of articles which have Web citations;
- To study accessibility or availability status of URLs;
- To find out the types of domains from where the authors have cited (i.e. to
find out the distribution of URLs by type of domain);
- To explore different file formats of the cited Web documents (i.e. to find
out the distribution of URLs by type of file formats).

Methodology
This study is based on web citations of 27 Computer Science open access journals
as indexed by Scopus. These journals are:
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The selection of these journals is based on their international validation through
Scopus and Scimago Journal & Country Rank, the use of English language and
the field of Computer Science, Software subject category.
Data collections were performed using the Internet. At first, all the published
articles during 2009–2018 are downloaded from the journal archives.
Accordingly, the total number of 4907 unique web citations is selected and then
the accessibility of these citations is checked. When we could not directly access
an e-address (link) inserted in any article by the author(s), we tried to view the
referred web site. If this attempt appeared to be inadequate, the search engine
“Google” was employed to access the missing reference(s).

Findings
In the present study, the Web resources referred to by authors in articles of
computer science open access journals in the references section of their papers
have been studied. A total number of 26112 citations, as obtained from the
bibliographies of 1000 papers, have been analyzed and the necessary
interpretations were made. Here, in line with research objectives mentioned
earlier, research findings are provided as below:
Distribution of articles, citations and Web citations
As shown in Table 2, there were total number of 26112 citations in 1000 articles,
and average "26.11 citations" was calculated per paper.
Additionally, among all citations (26112), there are 4907 Web citations with the
average "4.90 Web citations" per paper. Comparing these results with findings of
Casserly and Bird (2003) reveals that average of citations (26.11) and Web
citations (4.90) per paper in computer science open access journals is more than
average of citations (25) and Web citations (2.5) per paper in the journals studied
by them.

Table2. Distribution of articles, citations, and Web citation
Year

Articles
evaluated

Total
citations

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
All years

100
100
100
100
100
100
100
100
100
100
1000

2465

Average
citations
per paper

Total
web
citations

Average web
citations
per paper

24.65
26.24
29.87
25.43
28.22
27.56
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21.69
24.97
28.51
26.11
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460
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652
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2543
2822
2756
2398
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2497
2851

26112

3.8
4.12
4.78
4.98
4.6
5.71
5.11
5.94
6.52

4.90

Distribution of articles with Web citations
As can be seen in Table 3, of 1000 published articles 807 ones have Web citations.
In a word, 80.7% of articles, at least, have one Web citation.
Table3. Distribution of articles with Web citation
Year
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
All years

Articles
evaluated
100
100
100
100
100
100
100
100
100
100
1000

Articles with Web
citation

Percentage of articles with
Web citation

72
69
78
71
84
82
83
85
89
94
807

72%
69%
78%
71%
84%
82%
83%
85%
89%
94%
80.7%

Based on findings included in Table 3, it can be said that computer science
authors have been increasingly making use of Web-based resources in their
studies. Also, it is of importance that these results are considerably different from
Wren and colleagues' (2006) because they reported that 13.5% of dermatology
articles have Web citations.

Availability of cited URLs at first check
Figure 1 demonstrates that of 4907 cited URLs, 3827 (78%) were accessible,
while only 1080 (22%) were inaccessible. In other words, 3827 URLs directly
led to referred resources. Yet, in order to access 1080 URLs we encountered
errors. Consequently, as mentioned earlier, when we failed to directly access the
reference in the electronic address provided by the authors, the referred website
was visited. If this attempt was also insufficient, search engine "Google" was
employed to access the missing reference(s).

22%

78%

Accessible
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Figure1. Availability of URLs at first check

The status of the availability of cited URLs after searching through Google has
been illustrated in Figure 2.

8%

92%
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Figure2. Availability of URLs after searching at Google

As reflected in Figure 2, after searching missing URLs via Google, accessible
URLs increased from 3827 (78%) to 4514 ones (92%). Conversely, inaccessible
URLs decreased from 1080 (22%) to 393 cases (8%).
Distribution of URLs by type of domain
As one can see from Figure 3, the percentage of accessibility and decay of
domains which indicated in Figure 4, proved that .edu/.ac with 89% accessibility
(11% decay) is the most stable and persistent domain while .net domain with
merely 59% accessibility (41%) is the least stable.
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Figure3. Availability and decay of URLs by type of domain

Distribution of URLs by type of file formats
The percentage of accessibility and decay of file formats are indicated in Figure
4. Hence, PDF files appear as the most stable files (85% accessibility and 15%
decay) and PPT files appear as the most instable files and susceptible to decay in
the web citations (2% accessibility and 98% decay).
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Figure4. Availability and decay of URLs by file format types

Discussion and conclusion

This research analyzed the web citations used in refereed articles published in
Computer Science journals. Research findings indicated that among all citations
(26112), there are 4907 Web citations with the average "4.90 web citations" per
paper. Based the data collected, 80.7% of articles have Web citations and rate of
articles containing web citations has increased from 72% in 2009 to 94% in 2018.
In the study of accessibility and decay of web citations research findings showed
that 78% (3827 URLs) are accessible and the remaining 22% (1080 URLs) are
inaccessible at the first survey. It is notable that rate of accessibility increased to
92% (4514 URLs) and rate of decay decreased to 8% (393 URLs) after searching
gone web citations through the internet and Google search engine.

Additionally, the .edu/.ac domain with the accessibility of 89% (decay, 11%) has
the most stability and persistency among all domains while the most stable file
format is PDF with the accessibility of 85% (decay, 15%).
At the end of this section it is valuable to investigate our results in a comparison
context. Our results show that the accessibility of web citations in the Computer
Science journals is 78% (22% decay) while the reported decay by other
researches appear to be higher (Casserly & Bird (2003) 45.4%, Davis and Cohen
(2001) 45%, Dimitrova and Bugeja (2007) 50%, Germain (2000) 50%, Wagner
et al.(2009) (49.3%), Isfandyari-Moghaddam & Saberi (2011) 31%, Harter and
Kim (1996) 31%, Goh and Ng(2007) (31%), Dellavalle et al.(2003) 13%, Saberi
& Abedi (2012) 27%, Isfandyari-Moghaddam, et al.(2010), 27% , Saberi et
al.(2011), 25%). Comparison findings indicated that, our obtained decay is lower
maybe due to the effect of open access journal compared to non-open access ones
which be under previous studies.
Today, the Internet has become a valuable, perhaps indispensable resource in
conducting scientific research (Lawrence & Giles, 1999; Saberi & Ekhtiyari,
2019.), not just because of the added convenience of rapid information retrieval
and sharing, but because it also provides a means of making resources available
that the printed media simply cannot. Therefore, even though the authors may
appreciate the risk of future inaccessibility of Internet references, they ca nnot
easily avoid their use in their publications (Falagas, Karveli & Tritsaroli, 2007).
From what the present research showed us, it can be said that, as declared by
Dimitrova and Bugeja (2007), the Internet may prove to be an inhospitable
medium, especially for webbased research, because Web citations are speedily as
well as constantly fading away. In spite of this, it should be accepted that the use
of Internet for identifying valuable and timely information has become inevitable
for most scientists as well as the public with access to the World Wide Web, since
scientific and other work is created and added in digital format on the Internet
every day. Such idea is reinforced by Dimitrova and Bugeja (2007) who declared
as following:

"Internet research is vital to scholarship because the medium serves as a
convenient electronic warehouse of data accessible at all hours and in great
quantities, thereby increasing the scope and breadth of scholarship".
Due to the variety and rapid dissemination of information, scientific journals have
more audiences compared to other information interfaces (Saberi, 2009; Saberi,
M. K. and Barkhan & Hamzehei, 2019). In order to increase the rate of
availability of URLs in scientific journals, Wren, Johnson, Crockett, Heilig,
Schilling & Dellavalle (2006) suggested that publishers, editors, and authors
should work together through:
1. Requiring authors to retain digital backup or printed copies of cited Internetonly information to facilitate content recovery should a URL become unavailable.
2. Advocating the inclusion of referenced Internet content in an online archive.
3. Checking URLs systematically before publication to minimize unavailability
due to spelling errors or misprints.
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